Methods
In order to validate the spatial performance of the model and separate it from its interannual temporal performance, an empirical orthogonal function-based (EOF) model validation analysis is conducted [2] . The EOF analysis decomposes the data into temporal and spatial components as
where [ ] is the mean interannual yield time series calculated over the US Corn Belt, [ ] are the i temporal principal components calculated over the US Corn Belt, and [ , ] are the corresponding spatial EOF patterns. In order to focus on the validation of the spatial variability, the procedure from [2] is modified by calculating the principal components only on the ground-truth NASS yield data and projecting both the actual and simulated yields onto these same principal components. This ensures that the projection to obtain the spatial EOF patterns is the same for both the actual and simulated yields, allowing the comparison between the simulated and actual patterns to focus solely on the spatial performance of the model. As EOF analysis requires data for all years from a county to be available, counties where the NASS ground truth yields were not available for all study years were removed prior to performing the EOF analysis. It has been observed previously [3] that many counties have at least one year of yield data missing, causing these counties to be removed when performing analysis that requires all years to be present. Once the actual and simulated spatial EOF patterns are obtained, the ability of the model to reproduce the actual spatial patterns of the most significant EOFs is assessed through scatterplots and associated R 2 and RMSE values.
Results
The results of the EOF-based analysis to assess the spatial performance of the model are shown in Figure S4 for the clusterless calibration. Figure S4 shows the 4 most significant spatial EOF patterns of the ground truth USDA county yields, as well as corresponding scatterplots of the predicted versus actual EOF components. The displayed spatial patterns provide information about the modes of spatial yield variability across the US Corn Belt. The results in the corresponding scatterplots show the extent to which each mode can be reproduced by the model. Specifically, the scatterplots show that the first three EOF components, which represent 86% of the total variability in the actual yields, can be reproduced with R 2 values above 0.4.
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